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In ft previous communication, read at the meeting of tho Association 
of American Physicians, held nt Washington, April 29,1901, and pub¬ 
lished in The American Journal of the Medical Sciences,* wo 
presented our Investigations of granular degeneration of tho erythrocyte 
nnd in particular tho facta bearing on the relations of this condition to 
lead poisoning. The matorial which wo thon accumulated gavo us tho 
opportunity to discuss tho morphology of tho condition and also its 
probable otiology, Tho direct dependence of tbo degeneration upon 
lead poisoning was shown by the regular occurrence of tho granules in 
cases of lead poisoning admitted to tho hospital, by tho invariable dis¬ 
covery of tho granules in men working in various capacities in lead 
works, by tbo discovery of granules soon after tho administration of 
therapeutic doses in healthy individuals, nnd by tho typical appearance 
of tho corpuscles in dogs subjected to subacuto or chronio lead poison¬ 
ing. Furthor, wo feel prepared to oxpross a positive belief that tho 
granular degeneration is the result of protoplasmic changes rather than 
the consequence of a nuclear fragmentation. Wo could sco no relation 
between tho granular condition and polychromatophiliaoxccptiug a fre- 
quent coincidence of tho two conditions. Our belief was and remains 
that this granular condition is a truo degeneration of an independent 
kind. Wo did not at that timo feel prepared to Btato whether it occurs 
in lead poisoning as a result of tho direct action of lead, or whether it is 
tho conscqucnco of amende conditions occasioned by tho lead ; nor did 
wo then arrivo at any conclusion as to the place of origin of tho changes 
found in the circulating erythrocyte. Tho present communication has 
for its purpose; in tho first placo a further discussion of tho probnblo 
nature of tho granules, and in tho second placo tho report of eomo 
observations mndo to determine, if possible, the location in which tho 
clmngcs take place. 

To determino tho placo of origin of tho changes, wo studied tho blood 
taken from different parts of tho circulation as well as scrapings nnd 
preparations from tho bono marrow and splenic pulp. Tho material 
was taken from four animals that had boon kept under tho influence of 
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lend for n considerable length of time. First, blood was taken from 
an nrtory and vein of the stomach, intestines, liver, spleen, and heart 
of etherized animals two hours after they had been given largo doses 
of acetato of lend. Tho animals in each case had been under tho 
influence of tend for somo timo,nnd granular erythrocytes were present 
in tho circulating blood. Tho purpose of this experiment, which was 
prompted by Grawitz’s viow regarding the gastro*intestinal origin of tho 
granular degeneration, wa3 to determine whether erythrocytes showing 
this degeneration occur more abundantly in tho blood of tho portal 
vein and its tributary circulations than elsewhere. In only one of our 
oxporimonts could we recognize an unequal distribution of granular 
cells. In this case more granular erythrocytes were found in tho veins 
of tho spleen, liver, and intestines than elsewhere. Wo, of course, 
cannot pretend that this singlo experience is of much weight in decid¬ 
ing tho inattor under discussion, 

Tho bono marrow and spleen wero examined in two ways: (a) I3y 
preparing spreads made from scrapings of tho cut surfacoof tho organs, 
and (6) by embedding portions of tho organs, hardened in various ways, 
in paraffin, and sectioning. In tho spreads granular erythrocytes, both 
nucleated and non-nucleatcd, wero easily demonstrated, but wero not 
moro abundant than in tho circulating blood, Fixation by hent and 
in mixtures of other and nbsoluto alcohol and in nbsoluto alcohol and 
1 per cent, formol gave tho best results, hent being by far tho most 
satisfactory. Tho sections did not in any caso show granular cells, as 
tho red corpuscles were moro or less crennted, whatever tho method of 
fixation. Wo could not, therefore, bo certain of tho presenco or 
nbsenco of granular erythrocytes, 

Tho result of theso oxporiments then gavo us no indications of the 
probablo placo of origin of tho granular degeneration. In no instance 
did wo find moro abundant granular cells in tho bono marrow or spleen 
than in tho peripheral blood. 

Somo experiments seemed desirablo to determino whether the granu¬ 
lar colls existed in tho circulating blood or whether, on tho other hand, 
tlioy aro artefacts. Tho characters of tho granules, tho regularity of 
their occurrence in tho blood in cortain diseases, ns well as their dis¬ 
covery in scrapings of tissues had convinced us that tho granular 
corpuscles nro not artefacts, nnd tho question has not been seriously 
raised. Nevertheless, wo thought it advisable to prnctico injection of 
certain stains to dotermino whether tho fresh blood-corpuscles after 
such injections would show granular cells. Doga that had been kept 
undor the influence of lend until tho blood showed granular erythro¬ 
cytes in abundance wero ethorized, and solutions of methylene blue or 
neutral-roth in 0.8 per cent. NaCl solution wore injected into a vein. 
Specimens of blood wero taken at various intervals of timo from the 
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car and examined fresh or after drying and fixation. Tho injections of 
methylene bluo gave tho only positive results. Tho blood In tho sue- 
cc«ful cases showed nucleated and non-nucleatod orythrooytos contain¬ 
ing pale bluo granules. Tho appearances of theso granular cells were 
in every respect identical with those of tho granular cells seen in stained 
spreads of tho blood obtained before tho injection of methylono bluo, 
oxcopting that tho staining of tho granules was a littlo lea* intenso. 
Wo could not confirm the observation of Sabrnzes, Bourrot, and IvCg6r 
(hat the granules nro eccentrically situated and show a tendency to 
extrusion. 

The dried specimens of blood prepared as abovo described showed 
oxnctly similar conditions. 

Wo have mado a few attempts at artificial production of granular 
degeneration outside tho body, and refer to them here, though wo nro 
awaro of their unsatisfactory character. Quantities of human blood 
and of dog’s blood woro mixed with blood serum of dogs that bad been 
under tho influence of lead for somo timo. In no caso did wo reach 
positive results. Tho rapid disintegration of tho red corpuscles under 
such circumstances naturally renders tho experiment of little practical 
vnluo. Equally unsatisfactory results attended tho ralxturo of human 
blood and dog’s blood with various solutions of acetate of lead. 
Sabrnzes, Bourret, and Leg6r attempted to produce the degeneration 
by injecting solutions of lead into ft ligated voin of a dog s leg, but 
without success. 

A study of tho various pathological conditions in which granular 
degeneration of tho orythrooytos occurs seemed to us of possiblo impor¬ 
tance in elucidating tho question of tho place of origin of tho degen¬ 
eration, and perhaps also its naturo. Such a study is of coureo ot oven 
greater and more immediate interest in determining tho diagnostic vnluo 
of this reaction of lead poisoning. Wo thoreforo studied a consider¬ 
able series of cases representing various diseases, and will refer to our 
results under tho headings—chlorosis, pernicious amomia, leuktemla, 
nud miscellaneous medical and Burgical diseases. Tho results obtained 
show that no explanation of tho naturo of tho degeneration or its placo 
of origin could bo reached in this way. 

Cmx)KOSi8. Contrary to tho experience of other observers, wo havo 
fouud granular erythrocytes quite frequently In this diseaso. Among 
18 cases examined by us thero were 11 in which tho granular cells 
wero abundant. In 0 of tho 11, the granules were fino ; in tho other 5 
they woro fino and occasionally coarse. In only 1 of tho coses woro 
tho granules numerous. In this cose tho htomoglobin was only reduced 
to 60 per cent., while in most of tho cases a far greater reduction was 
noted. In all of tho 11 cases polychromatic colls woro seen, but theso 
seemed to bear no relation in intensity or number to tho granular colls. 
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Pernicious Anemia. Judging from tho seven cases which wo ob¬ 
served, and from tho reports published by others, granular degeneration 
is a constant condition in advanced stages of pernicious amemia. We 
found tho granules fairly numerous and at times very large and con¬ 
spicuous. Though, however, in tho number and tho character of tho 
granules tho blood of pernicious amemia was usually distinguished from 
that of other diseases, wo did not often find in pernicious amemia tho 
extraordinary number and variety of granules, coareo and fine seen 
in nearly all of tho cases of lend intoxication which wo have examined ; 
Mid the other characters of tho blood would render a differentiation 
easy. 

Leukaemia, Wo examined ten cases of this disease and found gran¬ 
ules in overy one, though tlioy wero usually fino and not present in 
largo numbers. Wo shall lmvo occasion to refer again to this matter, 
as tho occurrence of tho granules in leukremla is of particular impor¬ 
tance in connection with the determination of tho nature of granular 

degeneration, nucleated erythrocytes being so abundant in this diecaso 
and nuclear degenerations of all kinds so frequent. Wo should look 
then to this diaenso more than in any other for a confirmation of tho 
view that granular degeneration results from fragmentations of tho 
nucleus. 

Miscellaneous Medical and Surgical Diseases. In addition 
to tho 35 cases nbovo referred to, wo havo examined tho blood in 105 
patients in tho medical and surgical wards of tho University Hospital, 
and havo discovered granular erythrocytes in 34 of theso cases. In 
tho 34 cases tho diagnoses wore as follows: typhoid fover, 3 coses; 
valvular heart disease, 3; peritonitis, 3; sopticiemin, 3; tuberculous 
arthritis, 2; malaria, 2, and pertussis, heart diseaso and nephritis, 
lobar pneumonia and pleurisy, phthisis, malignant endocarditis, aneu¬ 
rism aud nephritis, nephritis and amemia, splenic amcmin, secondary 
nnremin, pscudolcukrcmio, chronic diarrhoea, phlyctenular conjunc¬ 
tivitis, orchitis, carcinoma of Btomach, lymphoma of neck, Barconm of 
neck, empyema, osteomyelitis, each 1 ca3o. 

Soveral observers havo reported tho discovery of granular red cells 
in cases of sepsis, nnd, though tho direct bearing of septio infections 
upon tho conditions has not been established, it is of interest to note 
that this condition was present in some of tho cases enumerated above. 
Perhaps half of tho nbovo 34 cases woro more or less septic. In tho 
other half of tho cases thcro was no such element, but the high grade 
of anremia may havo been alono operative In these. In several of tho 
cases no cluo whatever to tho causation of tho granules could bo found. 
Wo might speak of them ns accidental occurrences, but this would not 
serve as an explanation. In none of the 34 miscellaneous cases were 
tho granules abundant or conspicuous. Two instances in which the 
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blood picture approached that found In lead poisoning wore a enso of 
phlyctenular conjunctivitis in a boy, and a caso of chronic diarrhea in 
a man who had possibly taken ncctato of lead in tho treatment of his 
condition before ho camo under our observation. Even in there two 
eases wo could easily distinguish tho blood from that of lend poisoning, 
and in tho remaining 32 eases tho comparative sparecncss of tho gran¬ 
ules and their finer character made tho distinction very easy. 

There wore 71 eases in which wo did not find granules. Borne of 
theso may bo mentioned for tho sake of showing that tho classes of 
diseases 111 which tho granules occur or do not occur givo no indication 
of the probablo sourco of tho granular cells; and also to show that tho 
condition of the blood as to infection or antemia will not nlono oxplain 

tho degeneration. , 

Wo failed to find any granules in tho following cages: ft cases or 
valvular heart disease, 4 of phthisis, 4 of appendicitis, 7 of typhoid 
fever, 5 of sepsis, 0 of grippo, 3 of carcinoma of tho stomach, 3 of 
diabetes, 2 of pneumonia, and In ono caso each of malaria, Splenic 
amoinin, glanders, actinomycosis, and tetanus. 

With tho singlo exception of lead poisoning, no condition that wo 
know of regularly causes this change, though other conditions ojicrnto 
to this end in occasional eases. As far os lead is concerned, wo may 
refer ngnin to our previous studies. In each of sovcti clinical cases of 
pluinbisni wo found enormous numbers of tho granular cells; and wo 
may add six recent instances. In twenty-on© men working in lead 
works, but showing no symptoms of lead poisoning, tho granules were 
always found, but in varying numbers. Two of these men bad worked 
in tho lead works only four days. Moritz found tho granular ceils in 
six men working in lead works, but having no symptoms; and other 
observers, as Btrauss, Grawitz, Hehrendt, Babraze?, Hourret, Ug6r t 
and Ilamel (tho last in 25 cages) found tho granules in cases of lend 
poisoning, Btrauss also discovered them in atropine poisoning and in 
rabbits and frogs poisoned with pyrodine. Kamincr and Itohnstein 
found granular colls in iho blood of rabbits poisoned with phenyl- 
hydrozln on tho fourteenth day of tho intoxication. Bahrazes, Hourret, 
and Lcgtfr refer to a caso of fatal copper poisoning in which numerous 
granules were found, but they failed to produce tho degoneration ill 
guinea-pigs by intraperitoneal injections of various toxio and non-toxic 
substances, such as distilled water, thallium acetate, carboimt-i of lith¬ 
ium, and sulphate of atropine, or by inhalations of nitrito of amyl, 
pyrodine, and phenyl hydrazin. Injections of lead acetate, however, 
caused tho degeneration very rapidly in guinea-pig* os well as in 
rabbits. In our own experiments wo hnvo found tho degenerations 
after poisoning n dog with potassium chlorato; tho granules did not 
appear until shortly before death, but became very numerous. Another 
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dog slowly intoxicated with corrosive eubliraato showed only a few 
granules shortly before death. They wero also present in large numbers 
in the blood of dogs kept under the influence of toxic doses of pyrodine 
for many days. It is evident, therefore, that toxic causes of various 
Borts are capable of producing the granular degeneration we are study¬ 
ing, but it is equally evident that no poison thus far studied is as regular 
in its production of the degeneration or as prompt in its action as is 
lead. 

Tlio discussion of the nature of the granular condition of tho red 
corpuscles has divided observers into two groups: those holding that 
the granules originate from the nucleus, and those who regard them as 
tho product of n specific degeneration of the protoplasm. 

Tho former view was tho ono first put forward after tho granular 
colls wero recognized, and has been lately defended by Askannzy, 
Lazarus, Engel, Litton and Strauss, These authors look upon tho 
granules as tho result of nuclear fragmentation—knryorrhexis—and 
they boliovo that it is tho means by which tho nucleated cell normally 
loses its nucleus before becoming an adult cell and entering in tho 
peripheral circulation. The attractiveness of this theory is largely 
dependent upon its adaptability as on explanation of the disappearance 
of tho nucleus, a matter which has remained unsolved in spite of pains¬ 
taking examinations of histologists ; hut moro definite facts are required 
to establish tho truthfulness of tho theory. It would seem entirely 
reasonable to expect blood pictures showing a gradual transition from 
tho state of normal nucleated colls to that of erythrocytes containing 
scattered granules, hut without a nucleus. As a matter of fact, Litten 
claims that ho lms Been direct transitions from tho normal nucleus to 
futly granular cells, both in tho circulating blood and in the bone 
marrow, and ho states that tho nucleus gradually becomes paler ns the 
granules iucreaso in number nud size. Somewhat similar statements 
aro made by Ewing. Littcn’s observations wero made in only ono case, 
a rapidly fatal ono of pernicious nnremia. Our own observations have 
included a largo number of cases of intenso nmemin and of various 
intoxications, both clinical and experimental, and we have found in 
thoso abundant granular colls in tho circulating blood as well as in the 
bone marrow and other organs, but wo Imvo never in n single instance 
among tho thousands of granular cells that wo havo carefully examined 
found tho slightest suggestion of a nuclear fragmentation productive of 
granulations. Wo lmvo repeatedly found and figured, from paintings 
by nu artist and from photographs, associations of nuclei and granules, 
that is, we lmvo recorded tho occurrence of granules in nucleated cells; 
hut in every instanco tho periphery of tho nucleus has either been clear- 
cut as in tho normal nucleated cell, nud tho chromatin of tho nucleus 
has presented normal appearances, or when degeneration has been 
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present there has been nothing suggesting oveu remotely an origin of 
granules in degeneration of tho nucleus. Tho conditions in tho blood 
of leukaemia seems to us to bo particularly important in this connec¬ 
tion. Nucleated erythrocytes with and without granules were very 
abundant in some of tho cases studied, and in tho enmo cafes wo often 
found evidences of nuclear degenerations, both in tho white aud in tho 
red corpuscles. In no instance, however, could wo seo ©vidcnco of a 
transition of nucleated cells to granular cells. 

If tho theory of tho gradual fragmentation of tho nucleus wero estab¬ 
lished, wo should expect the evidences of such fragmentation to ho 
most abundant in tho bone marrow, where nucleated colls becomo non* 
nucleated; but our oxpericnco has been that tho nucleated cells and the 
granular cells in bono marrow havo been exactly tho same as thoso of 
tho peripheral circulation. 

An observation mado by us in several instances of still greater 
significance to disprovo tho nuclear origin of tho granules was tho 
discovery of knryomitosis in granular erythrocytes. Ouo observation 
of this sort seems to us moro valuable than any amount of negativo 
evidence or of theorizing. It Is unlikely thnt a nucleus could at tho 
samo tirno bo in a state of active mitosis and of karyorrhoxis. 

Tho second theory regarding tho naturo of tho degeneration, and tho 
ono to which wo incline, is that which has been defended by Grawitz, 
Moritz, Hamel, and Bloch, and which attributes tho granular condition 
to a peculinr protoplasmic degeneration, In tho consideration of this 
theory wo would first of all direct attention to tho fact thnt all of tho 
protoplasmio degenerations of erythrooytos that havo been thus far 
described aro characterized by tho dovelopmont of a basophilio tendency. 
Thus, in the studies of Maragliano and Castellino particular attention 
was directed to this peculiarity of tho degenerated areas, and tho 
behavior of polychronmtopliilic cells, so generally considered degenera¬ 
tive, is very similar. In no caso is thoro tho distinct basic affinity of 
tho degenerated parts of tho cell thnt is seen in tho granular degenera¬ 
tion under consideration, but this is n point of too littlo importance to 
disprove our view. 

Grawitz did not consider tho granules tho results of nuclear fragmen¬ 
tation, because in bis earlier work ho bad not seen theso granules in 
nucleated red corpuscles. Ho bad expected to find them if theso gran¬ 
ulated cells wero tho unfinished red colls prematurely placed in tho 
peripheral circulation. Under such circumstances granular nucleated 
red corpuscles should bo found, or at least transitional forms should 
occur. Later bo found nucleated erythrocytes with theso granules in 
tho protoplasm, but tho nucleus was to all appearances normal. This 
last observation induced him to study the blood-forming organs, but 
hero ho was unable to seo any evidence of theso granules. From theso 
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observations ho came to the conclusion that the granules are the result 
of degenerative processes in the hteraoglobin, caused by poisons acting 
directly upon the erythrocytes, and suggests that this takes place out- 
sido of tho blood-forming organs. 

Our own studies have shown granular nucleated erythrocytes in the 
peripheral blood, and also grauular erythrocytes, nucleated and non- 
nucleatcd, in tho bono marrow; but, like Grawitz, we have failed to 
find any transitions from tho non-granular nucleated erythrocytes to 
tho granular non-nucleatcd cell. While tho proof of tho protoplasmic 
origin of tho granules is therefore more or less negative or indirect, we 
boliovo tho cvidcnco against tho nuclear origin of tho granules is direct 
and positivo. This evidonco may bo summarized as follows : 

1. Knrolytic and karyorrhoxio changes may bo observed in nucleated 
red cells without showing any granular chango in tho protoplasm of 
tho cells ; on the other hand, grauular degeneration may accompany 

thc30 nuclear chnugcs without association of tho nuclear and grauular 

processes, 

2. Tho granulated red cells (coarse or fino granules) nover show the 
remains or a suggestion of a former nucleus, 

3. Tho granules nro observed in karyokinetic red cells, and wo have 
scon them associated with the several stages of tho dividing nucleus. 
Wo cannot boliovo that such a progressive and retrogressive change 
can bo presont in tho nucleus at tho snmo time, without internal 
ovidenco of degonorntion. 

4. Tho very early nppearanco of theBO granules in tho blood taken 
from tho peripheral circulation (twenty-fivo hours after a dose of 71 
grains of tho acetate of lead has beeu taken by one of us) to a certain 
oxtent indicates a probablo beginning of the destructive changes in 
tho orytbrocytcs (non-nucleatcd) of tho peripheral blood, rather than 
in tho erythrocytes (nucleated) at the moment in process of formation 
in blood-making organs. 

6. Tho granules observed in the bone marrow were absolutely tho 
samo as thoso seen in tho peripheral blood. Thoso in the nucleated 
cells, chiefly normoblasts, showed no evidenco of derivation from tho 
nucleus, tho nuclei being in each case normnl in size, shape, and stain¬ 
ing qualities and liko thoso of tho neighboring nucleated cells which 
did not contain granules. 

0. Finally it seems to us that in certain cases of leukjemia in which 
great numbers of nucleated red colls are always present, if these 
granules wero nuclear derivatives, distinct steps or transitions could 
bo demonstrated. Such is not tho case. On tho contrary, distinct 
degenerative changes, knryorrbexis, karyolysis, pyknosis, atrophy of 
tho nucleus, etc., nro present sometimes with and sometimes without 
granular protoplasm; but there nro nover in our experience any 
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transitional stages to indicate gradual destruction of nuclei with libera¬ 
tion of substanco that has gone to form granules. In addition very 
many of the nucleated cells showing nuclear degeneration contained no 
granules. 
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THE LATERAL CHAIN THEORY OF EIIRLIOH AS EXPLANA¬ 
TORY OF TOXINS, ANTITOXINS, BACTERIOLYSIS'S, 

AND HEMOLYSINS. 

By F. I\ Oay, M.D., 

assiitant DiMONiraATOR or rjTHOLoav, onivimitv or «hnsvlvawu. 

The last threo years of Continental activity havo added so much to 
our knowledge of tho blood ill both normal and immunized animals 
that a retrospect and conclusions by tho ono who has been most closely 
identified with progress along these lines is particularly grateful. 
Ehrlich In soveral recent communications has reiterated his “lateral 
or sido chain ” theory os explanatory of toxins and antitoxins, and 
found now data in his and others’ works on bactcriolysins and htemo- 
lysing from which he has enlarged and mado moro conclusive this 
admirablo theory of coll mechanism. 

Toxins and Antitoxins. Toxins aro labile, poisonous substances, 
elaborated by plant and animal colls, of which wo have no exact chem¬ 
ical knowledge, hut whoso characteristics aro rccognizablo by their 
physiological effect on animals. Toxins differ from all known chem¬ 
ical poisons in theso important particulars: 1. Thoy nro subject to cell 
assimilation, that is, thoy enter into direct chemical combination with 
protoplasm, whereas chemical substances cither destroy tho cell or nro 
present in it in solution. 2. Toxins can call forth tho production of 
antitoxins in tho animal body, whilo chemical poisons cannot, 3. Tho 
nctlon of toxins is doluyod by a consldorablo iucubation period, 



